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Multiplex Llgatlons-dependent Amplification 

Held of the Invention 

The invention relates to methods for amplifying and detecting a target 
nucleic acid sequence and, more particularly, to a method for specifically 
amplifying multiple target sequences using a single pair of primers. 

5 Background of the Invpntinn 

One well-known method for amplification of target nucleic acids is the 
polymerase chain reaction (PCR). In PCR two primers (of opposite "sense") are 
employed in excess to hybridize at the outside ends of complementary strands 
of the target nucleic acid. The primers are each extended by a polymerase using 

10 the target nucleic acid as a template. The extension products are dissociated 
from the original target strand and the extension product of one primer 
becomes template for extension of the other primer as' is well understood inihe 
art. The cycle of dissociation, reannealing and extension is repeated to increase 
geometrically the number of target sequence molecules. PCR is described 

15 further in U.S. Patents 4,683,195 and 4,683,202, both incorporated herein by 
reference. 

An alternate mechanism for amplification of target nucleic acids is 
known as ligase chain reaction. (LCR). In LCR, two sets of probe partners are 
used which includes one set of primary probes (first and second probe partners) 

20 and a second set of secondary probes (third and fourth probe partners) all of 
which are employed in excess. One probe partner hybridizes to a first segment 
of the target strand and the other probe partner hybridizes to a second segment 
of the same target strand, the first and second segments being contiguous 
(either with or without a template-dependent correction step) so that the 

25 primary probes abut one another in 5' phosphate-3' hydroxyl relationship and 
so that a ligase enzyme or other reagent can covalently fuse or ligate the two 
probes of the partner set into a fused product. In addition, a third (secondary) 
probe can hybridize to a portion of the first probe and a fourth (secondary) 
probe can hybridize to a portion of the second probe in a similar abutting 

30 fashion, either with or without correction. Of course, if the target is initially 
double stranded, the secondary probes will also hybridize to the target 
complement in the first instance. Once the fused strand of primary probes is 
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probes wh.ch can be ligated ,o form a complementary, secondary fused product 
The fused products are functionally equivalent to, either the Urge, or its 
comment. By repeated cycles of hybridization and ligation, amplification of 
*e targe, sequence ts achieved. This technique is described more Lpl«lta 
K. Backman, e, al. EP-A-0 320 308 and in EP-A-0 439 182, both incorporated bv 
reference in their entirety. incorporated by 

. ./ i f ete f on method •~>w> « oligonucleotide ligation assay ("OLA") is 

oHT t "L ^ ^ 4 ' M3 ' 750 (Whiteley) - ™» ^ solves d?" a L 
of ^a target strand using a diagnostic probe and a contiguous probe the 
wfuch are ligated by a Hgase in the presence of a .argute 'm^^ 
of ttus a gap between the two probes is first filled by a polymerase extension 
Jforehgation. See US. Patent 5,185,243 (Ullman, et al) and E^-02i6t»t 

EP A T d h I bridiZa,i0n d ~ ™*od is disclosed in 
EP A 0 128 332 (Enzo). According to this method a circular "bridging molecule" 
(polynudeot.de) is used to hybridize with bo* a Urge, analyte anTto 7 
polynudeot.de containing a label or complexing moiety. The complexing 

T^- T^J^ me,h ° dS include * e "rolling cirde" 

method, wh.ch .s disclosed in WO92/016I3 (Ruth and Driver) and eisewhere 
^ method a circular, single-stranded template is formed and a pW 
hybr.d.zes,o,, The primer is extended around the circle multiple times 
hereby creating multiple copies complementary to the circular template ' 
Preferably me circular template indudes the complement of a deavage a„ so 

0^ ctTrT ™ * "-~ -Present 

PCR has been used in a multiplex manner to determine the presence of 
mulnp e targe, sequences in a single reaction. EP-A-0 364 255 descrLs the u* 
of multiple pnmer sets to simultaneously amplify multiple DMD target 
sequences by PCR. A similar disclosure is made in Chamberlain, e. a! Nuc, 
Ac* Res.. 16:1,41-56 ,1988). LCR has similarly been used in a multiplex 
manner to determine the presence of multiple target sequences in a single 
reaction (see, e.g. WO93/20227). In both cases, a distinct primer or probe ie, is 
requtred for each targe, sequence desired to be detected. Since all pnmer/o 1 
sets are present in the same reaction mix,ure. i, follows tha, ampEL 
condiHons must be adjusted so »• • - Plication 
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multiple* reaction to optimize signal development by changing cycle 
parameters (e.g. cycle time, cycle temperature or the number of cycles) from on. 
pnmer/probe se, to another; a,, must amplify within a constant Z SeS 
parameters. This has necessitated carefu. titration of primer/probe 
concentrations and has resulted in compromises that reduce me overall 
efficiency of amplification. ovenui 

The generation of circularized probes following a target soecifir n«« 
step has been described by Nilsson e, al. in Sci aa , MOsltZam T 
circulated probes, dubbed "padlock probes" due to their catenati^* ft! 

in blots of whole genomes or for in-situ analysis of chromosomes. The teZ 
to perform direct hybridization assays with reduced background is pc^b e b v 
removal of abel from unligated probes, either by alkalmf phosphaC ' 
c eaveage of 32 P label, or by exonudeoiyuc degradation of me uns ized 
oligonucleotide probes. Circu>arized probes are resistant to label removTand 
degradation since they contain no free 5' or 3' ends. 
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Summary of th» ^., fnt i nn ( ' 

The present invenHon overcomes these and other difficulties bv 
providmg methods and kite for multiplex amplification in which a single 
common pnmer pair is used to amplify spH. probe reagents specific for each 
target sequence Thus, a single primer set is used for amplification and the 
react™ cond.tions can be optimized for this single primer set to maximize the 
efficiency of amplification. . «ure cne 

■ In a first aspect, the invention is a method for amplifying a target nucleic 
acid sequence comprising: 5 nucleic 

(a) forming a reaction mixture under hybridizing conditions with 

(i) a sample suspected of containing a target strand with a 
target sequence of interest, the target strand being present in single 
stranded form; ■ 

(ii) at least one split probe reagent having a 5' end 

complementary to a first segment of the target strand and a 3' end 
complementary to a second segment of the target strand, the second 
segment being sufficiently near the first segment such that 5' end can be 
joined to the 3' end when the split probe reagent is hybridized with the 
target strand, wherein said 5' end and said 3' end are on two distinct 
polynucleotides or on different ends of one continuous polynucleotide; 
he split prooe reagent further having a first non-complementary region 
located downstream of the 5' end and not complementary to the targTt 
strand, and a second non-complementary region located upstream of the • 
3 end and not complementary to the target strand; and 

(iii) an ient for ligating together said 3' and 5' ends of the split 
probe reagent; r 

J>\ "gates together said 3' and 5" ends of the split probe reagent while 
hybrid with the target strand thereby to form a Hga.Ja probe having a 
ligation junction; 6 

"(c) separatmg the ligatec probe from the target strand; 
(d) treating the reaction mixture under hybridizing conditions with- 
(i) an excess of primers wherein a first primer has a sequence 
complementary to a primer binding site ("PBS") located in said first non- 
complementary region; and wherein a second primer has a sequence 
•dentical to a site ("PBS' «) located in said second non-complementary 
region, with the proviso that if said split probe reagent is continuous the 
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W extending 1^ ' ^ eX ' enSi ° n °' the P«"«rs; 
'herefrom S ** P " mer to *»» « extension produce 

» ^togfhereart" • * emp ' ateS; 
— 1 *e primes 2 fhe " ""^ *> 

P*mer and ending . ^^^^ »^ ft. ft* : ' . 

,0 In a multiplex system there i, „ ^ " products *erefrom 

for a different particular target and * T ™ a 3VS ' <*d specific 

called PBS' site), 8 S " es( PBS >« complements thereof (th e so 

Polymerase is preferably < ^,?^»«^ "W^. 

*»»8h the cycling steps, i, general" v '* aSe need ™t be active 
where hybridation *rJ£^J^ t **T^ 
0 tempreature) some decree of * ! mgent condi «°ns. (e.g. hieh 

« »d (g, are repeated^^ * ^ * *eps 

. » may be preferable to inclu^aC ^ fr °"> " to 50 Les" 
*e spr m . locaaon tha( ' P ^;« for detection wimin 

may mclude another sequence that is ' "'""^ ^ "W-n* 

each SPR /terget , or s "* target, specific for 

-ength mat ampiificatl produ" fromT ™ ' ^ *" *»> 
amplification products from a d ffe ^S^ oTmT * *»» 

It may be desirable to seoarat. / 7 baS ' S of len «* differences 

either before or after the Ha sten " ** *° m Action 

accomplished by removal of me SP^a "« ^ amp,ificati °»- may be 
"X degradation of excess single 2X° °'' * «~ embodiment, 

(a) one least one soht nr ^„ 
bedetected; " ' ^ ^ « def -d above for each target to 
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(c) primers as defined above; 

(d) a supply of deoxynudebtide triphosphates; and 

(e) an agem for inducing extension of the primers. 

Brief Description nf »h P PrPrrinF? 

Figures la through lh are a representation of the method steps of 
amplifying a target strand of nucleic add according to one embodiment of the 
present invention, wherein the split probe reagent comprises one continuous 
polynucleotide, the ends of which are complementary to adjacent segments of 
the target sequence such that the ends are ligatable when hybridized to the 
target 

Figures 2a through 2h represent the method steps of the embodiment of 
shown m Figures la to lh wherein there is no target sequence present 

Figures 3a through 3h are a representation of the method steps of 
amplifying a target strand of nucleic acid according to a different embodiment 
of the present invention, wherein the split probe comprises two distinct 
polynucleotides, the ends of which are complementary to adjacent segments of 
the target sequence such that the ends are ligatable when hybridized to the 
target. ... 

Figures 4a through 4h represent the method steps of the embodiment of 
shown in Figures 3a to 3h wherein there is no target sequence present 

It should be noted that the subparts (a-h) of Figures 1-4 represent the . . 
same corresponding stage of the process in each of these Figures. Also, Figures 
1 and 2 are related if showing the same embodiment with and without target 
respectively. Figures 3 and 4 are similarly related, showing the same 
embodiment with and without target, respectively. 



10 



15 



20 



25 



30 



35 



W09M5271 

PCT/US95/14886 



« on men «o n e d herein are incCr,rr^r ished patem 

^- Terminology 

"Amplification" refers tr> th« ~ . 
target sequence are ^ ^ -pies of a 

cycles of annealing, synthesis and d *^ H "" P ? fa, "» Solves repeated 
process of extern or elongate V^T' " by a 

amplification process wherT a P La£ ^ 
amplified simultaneously in ^ ^Z * ° "f 1 " tar 8 et ^ces are 

Spilt probe reagent" or "SPR" refers te „ 
Polynucleotides which include ends «Z ^ ^ " e OT two 

acid sequence. 'Tol y n U cleou^ d * ent 7 ? 3 ^ *"« n "^c 
Peptide nucleic acid analogs (FNA^ bi " ding rea ^- as 

-tural nucleic acid, A spU ^L^ZZ^ «> 
or two polynucleotides, genera'lly ^J^L^'Z^ ° f «* 

hundred nucleotides. More typiLty JT™^ , 2 ° ^ Severa l 

Probe reagent is between aboutSO an d MO °' " Sm8le ' C ° mmuous 
half of a dual split probe reagent ^el and *e length of each 

the minted length ^L DD ^ n l . 0i,, " ^ 100 ""*odd-. 
-y by m uf * *— 

are desired, or they can be m^T st » d Jd , """^ Short « P«*es 
to synthesize a split probe reaglm fetne 8 U " "*> risible 

"Sate the fragments i^Z j™ ^.^*W«*.o 
opiates that span the assembly j^ l ™"* " a °" 
template can be synthesized JIT^T™^ * **• strand 
reagent can be manufactured usins fnl * complementary split probe 

hybridizes to the template a, fte 3 end *" d * Sin 8>e primer tha, 

'^-an^ 

- "end" is re,a,ive,y -ntapo^^^T* ^ °< 
-Sent, an "end" may .dude up to the ^J^^ — 
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reagent comprising two distirtct polynucleotides (and therefore having four 
ends), "end" refers to those ends which are target-specific and will participate in 
the ligation event. By contrast, "terminus" refers to the very last 5' or 3' 
nucleotide of a polynucleotide. 

It is not necessary that the two "ends" be the same length. In fact, if the 
hybridization and ligation of the SPR take place in the presence of an agent for . 
inducing extension and a supply of nucleotide triphosphates, it may even be 
desirable to use a 5' end that is longer than the 3' end. This tends to facilitate 
hybridization of the 5' end relative to the 3' end and is important to avoid 
extension of the 3' end on the target under these conditions. 

According to the present invention the ends of the split probe reagent 
("SPR") are designed to be specific for a particular target of interest so that, 
when hybridized to the specific target, the ends are joinable to one another. In 
this regard the patent of Whiteley provides additional teaching with regard to 
target specific sequences that are ligated on the target-template. 

"Downstream" refers to the 3' direction while "upstream" refers to the 5' 
direction on any given strand. Thus, when a particular sequence or event is 
located or occurs "downstream" of another specified location, the sequence or 
event can be found moving along the same strand in the 3' direction of the 
specified, event. As a result, the downstream (as weU as upstream) directions of 
two complementary nucleic acid strands hybridized in conventional ariti-' 
parallel fashion will be in opposite directions. 

"Hybridization" or "hybridizing" conditions is defined generally as 
conditions which promote annealing. It is well known in the art, however, 
that such annealing is dependent in a rather predictable manner on several' 
parameters, including temperature, ionic strength, probe length and G:C 
content of the probes. For example, lowering the temperature of the reaction, 
promotes annealing. For any given set of probes, melt temperature, or Tm, can 
be estimated by any of several known methods. Typically, diagnostic 
applications utilize hybridization temperatures which are slightly below the 
melt temperature. Ionic strength or "salt" concentration also impacts the melt 
temperature, since small cations tend to stabilize the formation of duplexes by 
negating the negative charge on the phosphodiester backbone. Typical salt 
concentrations depend on the nature and valency of the cation but are readily 
understood by those skilled in the art. Similarly, high G:C content and 
increased probe length are also known to stabilize duplex formation because 
G:C pairings involve 3 hydrogen bonds where A:T pairs have iust twn an H 
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Thus a high G:C content an^ t 

*e temperature^ ^ 3CHvi *' only LlfTf 1°™' 

^ obtaining suitaWe Cr ri ^r be '' ^ 2 " 15 " * bSTSX". 
- ^ to weu within ^ ^ conditions- for a 

Conversely, "denaturing Z »w P""*** this art. P *" 



"t;~*« ~"f.exTesu 

u gate means to covalpnti,, • • 

W *, ^ ° f ' he P™* rea«m ' Wd WO9 °/°1069 (Seeev) 

formed. The li^*,-^ ■ uc rea gent are heated ai.w wegev;. 

hWH , S " ,UnCtion sh ould be form! 6 ,UnCtion is 

^stand the denaturing con^TT" " the "~e in order to 

6 mC i" ded Wilhi " W-dn, agents. h "« *» -Ml* to extfind 

i rimer" is used wifh 
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in the presence of deoxynuc/eotide triphosphates with a DNA template that 
continues in the 5' direction, it presents the proper substrate for a DNA 

polymerase to extend the primer by the template directed addition of 
nucleotide triphosphates. It is common knowledge that PCR amplification 
requires two primers oriented in opposing directions; however, the sequences 
of the primers of the invention need not be different. In other words, the same 
primer can prime extension in both directions in the present invention since 
the PBSs need not be target specific. This may not be desirable, however due to 
the potential for the PBSs to cross hydridize with one another. 

"Target" refers to the section of nucleic acid that one hopes to amplify It 
may comprise RNA or DNA and may or may not originate from a clinical 
specimen, such as blood, urine, CSF, saliva, tissue or cell scrapes, mucous and 
the like. When extracted from a clinical specimen, it may be necessary to lyse a 
cell to release the target nucleic acid into the reaction mixture. Methods such as 
hearing, detergents, base, and mechanical pressure are well known and suitable 
ior this purpose. 'Target" may also refer to a secondary mediator or 
intermediate probe that is capable of hybridization with a primary target 
through one or more intermediary binding members; and to any other natural 
or synthetic nucleic acid or analog thereof. Target strands may be present 
initially in double-stranded form which are separated for hybridization with 
SPRs. 

Where "target" originates from a clinical specimen, the notion of 
"multiplex" may take on several nuances. In genetic testing, for example 
multiplex targets can often be selected from among the several known g-netic 
mutations that contribute to a genetic disease. This is the case in cystic fibrosis 
or DMD. Conversely, a multiplex assay may comprise tests for several genetic 
diseases in one assay. In the field of infectious diseases a similar situation 
holds true. One might construct a multiplex assay that tests for all types of 
human papillomavirus; or for all known HIV variants; or for multiple species 
of Mycobacterium. Conversely, a multiplex assay might examine multiple 
pathogens that are related only in that they have a propensity for infecting the 
same specimen types. A multiplex test for both Chlamydia trachomatis and 
Neisseria gonorrhoeae illustrates this type of multiplex. 

Regardless of the type of multiplex assay, a particularly useful technique 
for which the invention is adapted is allele discrimination. Whether for 
detection of point mutations or determination of antibiotic resistance, the 
power of the present invention to discriminate alleles differing by a single base 



WO*fi/iS27J 

PCTAJS95/14886 



-Ployed. ^ advantage of to pZluLZ SpHt "^ * 

common primer pair , but ■ ~ amplification „ 

mS,an « * «■«» Ae ugation junltio T " * e «* 



15 



26 



5 



° * i ; «i it. uon. — * 

Affinity member" refers *n *,fk 
%ands. Anafflni^^^^^^^P-o/s^^, 

known and include amibody.hap,en^i~7 P , "* ^ are 
' P^'bioto-avidinpa^^g^P"" ; ^P 1 ™"^ polynucleotide 

The term "label" reforc , 

V'th radioisotope,, fluorophores o r te V ^ Be directl y °«e«able as 

■"directly detectable, as w£hkLT ^""'P 110 ' 6 * « * label may be 
labels are used for ^CC" 6 * 
"-junction wift . signalIin J™ 8 pur P 0Sf *' *ey are used in 
-lecule or moiety . JS*33 ^^1 ^ * * 

*» -filing entity may fc. dj^ ^J"* b < P">Perty or characteristic 

Phosphate, 0 Wtosidase or ho^JL * ^ (< * a,ka "«e 
«*- may reouire additional " 
heart. TH e - signallin co ^™l. f Substrate ' » * well tacJI ta 

'0 Recife btedtog partner, such a^an 1 h t * "« MBto « conjugal 



«^~dT;^ 

another embodiment. Also^^Td ^ *»« 3 and 4 reprLn, 
- Present; Figures 2 and 4 depicTwha h Wh " ^» 'arge, 

b < noted that the subparts fa-h" ^^H" "*» «"»« " » shou 

stage o/ the process in each o f these iT""?" C *~P«««"B 

and the ensuing description describe ^Hf , ' »• Rgures 

'arge, However, the true advan « ^ detection of a singt 

multip, e target are amplified Z ^ '""^ " rea1 ^ when 

P'obe reagents, one spedficTor ^h ^, »** ™«P* 4«t 

seouence, f „, ™i a "d each having in e J^ P ' 



W0 96,15271 PCT/US95/14886 



As mentioned previously, there are two main embodiments of the 
invention. Referring first to Figure 1, a split probe reagent ("SPR") 10 
comprises a continuous single-stranded polynucleotide. In the other major 
embodiment (Figure 3), the SPR 50 comprises two distinct polynucleotides or 
halves 51 and 52. Since many elements are common to both embodiments, 
they are designated with single reference numeral in both embodiments. 
Where differences occur between embodiments they are separately discussed. 

In a first step of the method, the split probe reagent or "SPR" is combined 
under hybridizing conditions with a solution suspected of containing a target 
nucleic acid sequence. As is shown in Figures la and 3a, the SPR 10, 50 includes 
a 5* end 14 and 3* end 16 which are complementary to and hybridize specifically 
with the target 12 at adjacent or nearly adjacent positions to facilitate joining of 
the 5" end 14 to the 3' end 16. In this regard, it is well known in the art that 
DNA ligases are capable of covalently joining such ends which present a 5* 
phosphate and a 3' hydroxyl termini at adjacent positions on a template. Other 
joining methods may be used when the positions are not precisely adjacent. 
For example, both chemical and photochemical joining methods have been 
described in the art (See EP-A-0 324 616 (Amoco) and WO90/01069 (Segev). In 
yet another variation, a small gap may be left between the 5' and 3' termini, the 
gap being filled prior to joining by a polymerase and a supply of less than all 
four nucleotide triphosphates. This type of gap filling reaction is well known 
in the art and is described in U.S. 5,185,243 (Ullman), EP-A-0 246 864 (Carr) and 
EP-A-0 439 182 (Abbott). 

Once the SPR 10, 50 and the target 12 have hybridized, an agent for 
ligating the 3' and 5' ends'is employed to form a ligated probe 18, 58 having a 
ligation junction 20 as shown in Figures lb and 3b. 

The SPR 10, 50 comprises several other segments which should be 
discussed. SPR 10 comprises one or more regions that are not complementary 
to the target sequence. These are described as a first non-complementary region 
("NCR") 22, which is downstream of the 5* end 14, and a second non- 
complementary region ("NCR") 24, which is upstream of the 3' end 16 (see 
Figure lb). It should be understood that in SPR 50 (and ligated probe 58) the 
first NCR 22 typically extends downstream all the way to the 3' terminus. 
Similarly, second NCR 24 extends upstream all the way to the 5' end. 
However, SPR 10 (and ligated probe 18) comprises but a single, continuous 
strand looping back on itself. In this embodiment, the first NCR 22 can extend 
only up to the second NCR 24 and no further. In other words, the first and 
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NCRs converge. To simplify the discussion, it will be presumed thai A. ■ 
of convergence is arbitrarily set nearer to the S< end i e nT w , t P 
of the loop (see Figures) and th,i «< T , t ° Wer left P 0 "™ 

below) de^ne the Sa "e ^\h I T binding ^ (SM 
■ ^ns M udmgbo*e„L^ 

in ,, h "° W ,0 RgUreS le *- * wiB be seen «« *e first NCR « 

IoIIh Primer bindin8 *• ^ 26 - * fe to «• - *a. * 
amplification primer 28 will bind as is discussed below In \aa-« 

NCR 24 incudes a site 30 which contains a sequent ^^en«ca to Zt oT"" 

^ndprirner^CseeHguresU^dae). As Le,l un^td i^ e ^ of 

to as "the se»nd PBS site" Z ■ ■ . ** 30 be referred 

identify a cogent ^ d «o" a common way to 

and seco^P^n^ "'^ ^8 t0 *--„Hon that the first 
some mismatches- there is no reason not to utilize exact fctaaT? 

«r«k«u u aipaxy tne 5>i k, but amplification results only if the snlit 

probe has been joined to form the ligation junction. * P 

Both the first and second NCRc w 04 m „ ■ 1 

'™ com P le xes. These are discussed in more detail below 
amnlif T 4 u 8a,ed Pr ° be 18 ' M * f0tmed ' " Mrves as a new template for 

however it may be preferable to separate ligated probe from unligated SPRs 
This can be done by a number of techniques. For example, under hylrid^ 
Editions the complex of Hgated probe and targe, maybe separator™ Te 
react™ mixture through the use of affinity members. Affinity members 

structl 7,^ inC ' Ude fflWi8 « °< duplex 
shuctures, and/or a capture hybridization probe specific for a dlfJT 

of me target strand. Alternatively, in the ca'se of the du SPK S^w" 

aZ 'T^ r 6 » ™y also be used forthfcp" ' 

Although this aff.nity mechanism will isolate both ..gated and JaJZ soli, 
probe halves 52, i, will at leas, remove un.i^H Jk.„« .. ""7f. ^. SP '" 
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As an alternative to physically separating ligated probe complexes, it is 
also possible for continuous strand SPRs to perform a separation by degrading 
unhgated and uncomplexed single-stranded probes. Exonucleases are known 
to attack polynucleotides from exposed ends; but there are no exposed ends in 
the ligated continuous probe 18. 

Whether or not complexes are separated, the next step involves the 
performance of PGR using the ligated probe as template. This step may involve 
the addition of reagents suitable for amplification or, with suitable precautions 
the amplication reagents may have been present in the reaction mixture from 
the start. As illustrated in Figures 1c and 3c, the reaction mixture is placed 
under hybridizing conditions such that first primer 28 hybridizes with the first 
PBS 26 located in the first NCR 22. In the presence of an agent for inducing 
extension and suitable nucleotide triphosphates, primer 28 is extended using 
the ligated probe as its template to form an extension product 36 Upon 
denaturation, the ligated probe 18 or 58 is separated from the extension product 
*> as is shown in Figures le, lg, 3e and 3g. As additional cycles of denaturation, 
annealing and extension are performed, the excess of first primers 28 continue 
to hybridize to ligated probe 18, 58 and to form extension products.36 as shown 
m Figures lg,lh,3g and 3h. It will be obvious that each extension product 36 
will include a second PBS 34 as a result of extension over the second PBS' site 
30 found in the second NCR. As shown in Figures le and 3e, second primer 32 
will hybndize under hybridizing conditions to the PBS 34 and, in the presence 
of an agent for inducing extension and nucleotide triphosphates, will be 
extended to form second extension product 38. It will be readily recognized by 
those skilled in the art that extension product 38, by virtue of extension to the 
end of extension product 36, will also contain the first PBS 26. It is this 
inclusion of the second PBS in the extension products of the first primers and 
vice versa, which permits the exponential amplification in PCR reactions 

In Figures 2a to 2h and 4a to 4h, is shown the same progression of events 
as they would occur in the absence of target. Figure 2a shows the continuous 
spat probe 10 including the 5* end 14 and 3' end 16, as well as the first NCR 22 
and the second NCR 24. Similarly, Figure 4a shows the dual SPR 50 including 
the 5' end 14, the 3' end 16, the first NCR 22 and the second NCR 24. In the 
absence of target, no ligation junction is formed as is shown in Figures 2b and 
4b. If unligated SPR is not separated out, first primer 28 can anneal to its PBS 26 
is shown in Figures 2c and 4c and, as shown in Figures 2d and 4d, a partial 
extension product 66 is formed. But in the absence of a ligation iuncHnn a. 
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P^cts 66 wffl Ufc^JTJ^?** ™°*P>e t e extension 
absence of extension across the S^ZJ^T * 8nd « "> *• 
5 «»*» *e second PBS J~ ^ C><,enSi0n Pr ° du « « "«< 

extension of the secon d primer^ T„t k ***** "Nation and 
there will be no sem „j ** show * in Fieures 5» , 

exponent* ^SET** ^ r -52£ * ^ * 

particular Urge,, whi,e including in ^ « W for a 

W,UCh ™ «~ to a pluraaty of SP^ fT***" 0 " *« ensure 

fte specific tareet nf f"°ucts are generated oniv in H,. „ 

j- , 8 interest, which causes f„™ ™ Presence of 

According y, even i,*a- causes formation of the li««„_ • 

SPR win Z " """"O". simultaneous - J 8 " '""<*<»>• 

SPR will be amplified only if it5 spedfictdT "-a*"*. • ^cific 

10 CaUS * *e s pli , probe ""^ *** - P^en, i™^ . 

-Jhods are discussed be,ow P ^rmt7r: farcR ^P-^ 
mtilhplex assays. The firs, conrf&S? *' r «! ui "^nts imposed by 

Depending on the targets, different^ 8 ^ m a m «'«Plex assav 

Petitioner may need to know oniv wh«t ^ "* but *• 

™oner may need ,o know * Stai, "'y- • 

HPV type, no, whether i, j, ^ 16 * ™. a . Paben ' - with . -h^u- 

«*— y to differen,ia,e a^ng .h^ " * fa — « * 
«*■« may be used. 8 an ° US ,ar S<* and a generic detection 

s^ch ~"r F '° — - *~ a 
"-ay be necessary , 0 ^ wWch S J"> F °' "ample, in genetic ,estin E i, 

«*« discriminating de.ecti^s de^ 1" T '"^ " ~ «K 
to use a caoture ^^^TSr ?*V " 
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amplification product made in the presence of that target. The other svsten, 
may be common to all targets or may also be unique. ^ 
Several methods of unique capture are known and include hvhrirfw..- 
wnh an immob^ed or immobile probe complement,^ ^ 
segment of the SPR (or amplification product therefrom). Such a u^X 
segment may be the target specific regions of the 3' and/or 5" ends or it mav b. , 

By usmg uruque capture to physically separate the distinct targets a comml 

Unique labels include labels that can be differentiated, such as on the 

label ^ (taClUdinS F ° r ^P 16 ' di "y colore pa^cle 

Ubels can dtfferentiate, as can fluorophores or chemi.umiphoL of var£nT 
wavelength. It may be simpler to perform a unique captu«/sepal3 
employ a common label/detection system. For example, beads or 

Zlf f WWCh ^ " e PhySiCa " y Sep " ated <«* "y manipulation, 
filtrahon, chromatography, sedimentation, centrifugation, magnetic field etc ) 

specific S£ 45 8 5 ° U t Ph r • I*- a- each coated ^ ' 

members tclToT ' ^ " thr ° U8h in ~«ry specific binding 
members ,s capable of recognmng a unique SPR (or amplification product 
therefrom). After amplification and incuba,, 0 n with the solid phases thfsolid 
phases «e separated and a common label is used. Different targe. s^ceT « 

phargr uP s y e appearance of sisna ' ° n ° ne ° r — °' *« ™™ ^ 

Common capture or detection can be accomplished by, for example 
including a common detection segment in each SPR. The segment may ' 
overlap w,th the primer regions, since they are common aireaTy, bu^is may 
be less durable due to potentia! interference from primer artifact produl I 
d.stmct segment, preferably between the PBS' and the ligation junLon (and 

vi.T ^ T m °" Caph,re ° r de,eCU ° n COm P° nent « n b ' '"Educed 
v.a the pnmers. Smce the primers are common to all SPRs a common label or 

For example, the pnmers may contain a 32 P fag or th b biotinvlated or 

otherw.se coupled ,„ specific binding members, preferably a, or ne T*e fs 
termmus. Techniques for so labeling primers are wel. known i„ , he art 

From the above discussion of detection, it should Hp ri... «... ........ . 
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amplification products Fnr 
5 needed, but at leas! „ m ° n ,0 8,1 where dZ teCH ° n P"**- 

10 ona SeUt is possible to H-f ^ ere 41,6 am P^ication Dr J n ° tcomai n 
molecular weLT dlfferentia *e them on the b! f UCtS be n« 

«™«d SPR wilI £L ««- that fte a mplific * * e 10 being 
SimUarly a th-YH , " 81,(1 ""feennable Pr ° dUCtS ° f *• 

» ^vidu^^^ 

™«ine to discriminate h ^ ap P roach » used in E,7^ ' mcre4s »g 

2 °» total bases TuT , differen «* of 10 0 " ^ * » «• 'airly 

Of course thpr 

««ds, and varvm ■ va ^8 orders of reachonT * in *« 

^O'mgcapn.re/detectionco^iguraHoL " OSU " the ^*vidua, 
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• a first common primer haying a sequence complementary to the first 
common PBS in the first NCR of the SPR; and second comln p^r 

• deoxynudeotide triphosphates. 

LT» T n y neC6SSa,y t0 S?parate or ^Porarily inactivate certain 

serve T "< ^ ~ « examples which 

serve Ulustrate the mventaon. Reaction conditions, reaction times and 
emperatures, and number of amplification cycles have been ItTfo, 
example only. Optimization of each is of routine pracfe for one ^ in f K 
ar, so the ful, scope of me invention is to be defined by ££S£g*. 
D. Examples 

Earned Multiplex amplification and detection of DNA from several 
| HPV "smg a smgle primer set. several 
Each of the following polynucleotides is synthesized- 

SPeCifiC ^ PTObe reaSem <SEQ 10 NQ " »• ^«ence- 

* MMMm rTBqr n TTTT r T r TnCTCTT GTACGGACAC LcTCA^ 

TCTGGTTATC GAAATCAGCC ACAGCTCTTG GAGGAGTCCA TGACGxLr. 

A HPV 18 specific split probe reagent (SEQ ID NO. 2, having the sequence- 

TViMHTt r„n T r,cTCTr cr^CAC LctcaU 

KMemK nuNHcc acagctcttg gaggagtcca tgacgaaa^ 
CTCCCTMCQ Trr-Pra B ,a, „ nTTrnn 3 . . CCA T0 «°"*CT 



WO 96/15271 

*CT/US9Sfl4886 



Aco mmonPCRpiimerA 
a c 0mmon pa primer B SSS,^«aa-3 • .- 

seemenf Tn } identical to the second ,• i,C12ed 5 «quence; 

MgCl 2 . 20-50 mM KC1 „ ^ „ reactlon «™ains 10-50 mM T o M * each 

s or 1 mmute at 9*>°r i • 
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After amplification, reaction products are visualized following 
electrophoresis through a 1% agarose gel and staining with ethidium bromide 
The predicted 127 base pair PGR product is produced only when the proper split 
probe and HPV target are present in the same reaction. 

In an alternative detection method, PCR reaction products are mixed 
with an excess of the generic detection probe (SEQ ID NO. 6) which has been ' 

32 P -labeled at me 5« end with Y -32p.ATP and polynucleotide kinase The 
mixture is heated to 95»C for 1-5 min. and cooled to 55°C for 1-5 min An 
aliquot is then electrophoresed through a 10% non-denaturing polyacrylamide 
gel. Hybridization of the probe to PCR amplification product is identified after 
autoradiography. Once again, the labeled gel shift products are produced only 
when the proper split probe and HPV target are present in the same reaction. 

Example fr Multiplex amplification of sections of the CFTR eene and 
detection of Cystic Fibrosis mutations 

Cystic fibrosis ("CF") is caused by mutations in the Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) Gene. Zielenski et al 
Genomic DNA sequence of the cystic fibrosis transmembrane conductance 
regulator (CFTR) gene , Genomics 10, 214-228 (1991). The mutations most 
commonly causing CF are those specified as AF 5 o 8 , G S5 iD and W^X. AF 508 
specifies a three base deletion at DNA position 1653 which causes the loss' of the 
Phenylalanine which occurs at position 508 of the normal CFTR protein- G 551 D 
specifies a G to A change at DNA position 1784, causing replacement of the 

normally-occurring glycine at position 551 with aspartic acid; and Wi2 82 X 
specify truncation of the CFTR protein after position 1281 by creating a 
nonsense mutation (G to A at DNA position 3978) causing the gene to code for 
no ammo acid at position 1282, rather than the normally occurring tryptophan. 

Each of the following polynucleotides is synthesized; 
A G551D specific split probe reagent (SEQ ID NO. 7) having the sequence: 
5'- TCTCCACTrft gTSTflftTTrr ctcttgtacg gacacgaact catcctctgg 

TTATCGAAAT CAGCCACAGC TCTTGGAGGA GTCCATGACG AAACTCTAAA. 
GAAATTCTTG CTcarrr^ . •» . . 

A W 1282 X specific split probe reagent (SEQ ID NO. 8) having the sequence- 
5'- CACTGrreCft AA , GTTftT T Oft hT CTCTTGTA CGGACACGAA CTCATCCTCT 

GGTTATCGAA ATCAGCCACA GCTCTTGGAG GAGTCCATGA CGAAAGATGA 

ACTGATTGCC CGTCTCTCTA CTCCmr.r. r TTTr ^ T? _ v . 
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AACTGATTGC ACGAAAGATG 
A common PGR jvimer A (SEQ ID NO. 4) having the sequence' 
AC^^onS^-CCACAo../ • 

5 ' -TATATTCATC ATAGGAAACA CCAATGATAT ^TTCTTTAAT GGTGCC..3 , 

1 CTO gene. The detect™ p^J^'" *° 'We mutations £ ^ 
with these underlined regiL one! 2 - dMisned to 

(SEQ ID NOs 7-9, is pholho^dl "* ^ 5 ' - 
(SEQ ID NO. 4) i* comment™ *^ f "7" 3 »*• P *»« A 

(SEQ ID NO. 5) is idenL, to ™ LT *" ^ P*~ * 

amentia! .e ngU) ^ S "«P™ner sequences and the 

Individua, reactions inlT^Z^^ lambda 
G 55I D. the W 1MjX or the AF S08 mutf^K T roMai ^ 8 eith « *e 
wi* each SPR (SEQ , D NOs 7.9 Z" CT *™ 

are incubated 

" -M M gC I 2 . 20-50 mM KC, 0,^' ^ ~ ™* »* Tris pH 83, 
W and approximately of SPR in a^v I " ^ °' DNA 

« 'heated to 95-C for ] minute to de« dc T " 50 ^ ^ Prions 
and cooled to S5°C for !-60 min to alLw * , nude * acid, 

active mutan, targets. Wh "n an^I tof ^ * » *eir 

sequence, DNA ligase wiH join me £™T »° ' he P ro P« ">utant targe, 
-cuiar molecule. The rea Hons are .Ten h "* ^ Pr ° be * P»*« a 

■"activate the ligase. * heat ^ t0 >°°-C for 10 mm. to 
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Reactions are then diluted to 100 jil for PCR amplification. Final PCR 
conditipns are 20-50 mM Tris pH 8.3, 20-50 mM KC1, 1-5 mM MgCl 2 , 200 mM 
each dATP, dCTP, dGTP, TTP, 0.001% (w/v) gelatin, about luM common PCR 
primers A and B (SEQ ID NOs. 4-5) and 1-5 units Taq DNA polymerase 
Reactions are cycled for 40 cycles of consisting of 1 minute at 95'C, 1 min at 55°C 
and 1 min. at 65°C. 

After amplification, reaction products are visualized following 
electrophoresis through a 10% polyacrylamide gel and staining with ethidium 
bromide^ The predicted PCR products of llTbp for the G S5 iD mutation, 137bp 
for the W 1282 X mutation and 163bp for the AF 50 8 mutation are produced onlv 
when the proper split probe and mutant target sequence are present in the 
same reaction. 

In an alternative detection method, PCR reaction products are separated 
by v ir tue of a specific hybridization capture and are labeled with a common 
label. Thus, primer A is biotinylated at its 5' end. Following the ligation 
reaction (as above), unligated SPRs are degraded using exonuclease VH, which 
* reported not to act on circularized probes. Amplification proceeds as above 
the biotinylated primer being incorporated into extension products of the first 
primer A. Each of the detection probes (SEQ ID NOs 10-12) is spotted onto three 
discrete -spots in a linear array on a sheet of nitrocellulose and dried. The sheet 
of nitrocellulose is cut into three strips each strip containing a spot for each 
detector probe. The three strips are mcubated under hybridizing conditions 
with- amplified reaction samples from individual patients as follows- strip 1 - 
w,tn sample from a patient having the G551D mutation, striv 2 with sample 
from a patient having the W 1282 X mutation, and strip 3 with sample from a 
patient having the AF 508 mutation. After incubation, the strips are gently 
washed and incubated with a conjugate of anti-biotin:colloidal gold. Following 
a rinse, the strips are observed for the presence of a reddish-brown color at each 
of the spots. On each strip, only the spot having the detection probe specific for 
the patient's mutation should be visible. 
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SEQUENCE LISTING 

GENERAL INFORMATION: 



APPLICANT : John j. carrino 
<"> ««* OF INVENTION: Me th od ef Mu ltipI e X 

OF SEQUENCES : 12 
<iv> CORRESPONDENCE ADDRESS- 

B ISSS^lo^ Stories 
<«. ClSf Abbott^," ^ «— 
») STATE : Illinois"* 
(E) COUNTRY: USA 
<F) ZIP: 60064-3500 

(v) COMPUTER READABLE FORM* 

(A), MEDIUM TYPE: Floppy disk 

(D) SOFTWARE? MS Word '«0.J, 



< vi ; CURRENT APPLICATION DATA • 
A APPLICATION NUMBER- 

(B) FILING DATE: 

(C) CLASSIFICATION: 
fviii) ATTORNEY/AGENT INFORMATION: 

«C) ATTORNEY DOCKET A£'^ mVBm0l 

TELECOMMUNICATION INFORMATION- 
A, TELEPHONE: 708/93™™* 
<B) TELEFAX: 708/938-262"! 
<C) TELEX: 

(2) INFORMATION FOR SEQl ID NO- I- 

( i ) SEQUENCE CHARACTERISTICS • 

A) LENGTH: 12 7 basics 
Typ E: nucleic acid 
JCJ STRANDEDNESS : sinale 
(DJ TOPOLOGY: linear 
(») MOLECULE TYPE: s^ tic DNA 

<*i , .SEQUENCE DESCRIPTION : SEQ ID NO • 1 • 

A) LENGTH: 127 base pairs 
B TYPE: nucleic aciS 
n fTRANDEDNESS: single 
(D) TOPOLOGY: linear 
MOLECULE TYPE: svnthetir niaa 



60 
120 
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60 
120 
127 



TO ISSS SSSSI ?I««»CAC GAACTCATCC TCTGGTTAK 

CATTAGA ""CTC™ GAGGAGTCCA TGACGAAACT CTCCCTAACS TTOTCAGAAA SC 

X2 C 

(2) INFORMATION FOR SEQ ID NO: 3- 127 
(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 127 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii MOLECULE TYPE: synthetic DNA 

(xx) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

S2 SSS5S SEES « 

GTTGTCC WCA TGACGAAACT CTCCCTATTA TCAGCACCCG 

(2) INFORMATION FOR SEQ ID NO' 4* 

(l) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

11 MOLECULE TYPE: synthetic DN? 
; (xi) S^JSUSE DESCRIPTION: SEQ ID NO:4: 

GATGAGTTCG TGTCCGTACA 

(2) INFORMATION FOR SEQ ID NO* 5- 20 
(l) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
CD) TOPOLOGY: linear 

Ul MOLECULE TYPE: synthetic DNA 
1X11 SEQUENCE DESCRIPTION: SEC ID NO:- 

GGTTATCGAA ATCAGCCACA G 

21 

(2) INFORMATION FOR SEQ ID NO- 6- 

(1) SEQUENCE CHARACTERISTIC" • 
(A) LENGTH: 20 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
Ul) MOLECULE TYPE: synthetic DNA 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

TGGAGGAGTC CATGACGAAA 

20 

(2) INFORMATION FOR SEQ ID NO: 7- 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 118 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(11) MOLECULE TYPE: synthetic DNA 
(XI) SEQUENCE DESCRIPTION: SEQ ID NO- 7- 
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«*3Sg SS5SSS ctc "™cg -Mae**. 

^««a gtccatcacg TO** „ ATCgaaat 

INFORMATION -„„ *«TTCTTC CTCGTTGA 

(A) LENGTH. uiT™ 8i 
<»> TOPE n„if 7 . b *« Pairs 

CACTGTTGCA AAGTT 

(B) TOPE- „„:,.. base P«i« 



60 
118 



60 

120 



(B) TYprT n, *? bas * pairs 

CD) TOPOLOGY f- sln Sle 
ii) . MOLECULE T^E l"*? 

ww * SEQ ID NO:10- 
AAAGAAATTC TTGCTCGTTG ATCTCCACTC AGTGTGATTC c 

(A) LENGTH: to K.. S: 

(6) tope- Mir « 

ACTCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT 

l2) r NFORMA TlON FOR SEO rn » 40 
{1 > SEQUENCE Ch2aU«?° : 12 : 
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(ii) MOLECULE TYPE: synthetic DNA 

(X!) SEQUENCE DESCRIPTION: SEQ ID NO:12:> 

TATATTCATC ATAGGAAACA CCAATGATAT TTTCTTTAAT GGTGCC 



W09fi/1527I 

PCT/US9S/14886 




comprising: A " eU,0d ** • N* nucleic acid sequence 

stranded fonn; 8 ' S * md tem 8 Present in single 

complementary ,o a second*^ ^^T S, " nd ' 3 ' end 
"gment being suffidently near fte $,rand ' 46 sec °" d 

Pined to the 3' end when the spU^l^^ SUC " *« S ' «*« can be 
•arget strand, wherein said 5" end iTd iT"' * hylWidi2ed *« 
Po-ynudeoodes or „„ m^il * *" "* " ^ 
*e split probe reagem furthe ^ 0 ^ continuous po,yn ucleotide; 

located downstream of ft e - JT"f * """-complementary region 
s^and, and a second nZlZ^l™ «»"P<~ry to ^ 
3' end and no, complement^ IT I'* 0 " ^ °< *e 

(TO anaeen, ferIi « 8elstrand;ai « i 
P'obereageht; ' ^thersaid * and y ends oi ftesp to 

^tion junction; y t0 form a ]i c? a ^d probe having a 

» » ^JS"* h ^ d ^g conditions with- 
"as a sequence complement™ IT ^ ' fot 1*- 
-aid firs, non-complemen,^ reX™ ^ ^ 
has a sequence identical to a site (-TBS ») M ' SeC ° nd prime ' 

complementary region, with , he 1 Lfso £T SeC °" d *- 

conhnuous the PBS located in safd ? " "* 5p "' P'°»< '"gent is 
"ps-ream „, said PBS' locat £ * ™P<emen,ary region is 

a s U pp,y of deo X y nu ; e d D dT«r n r mp,emewa ' y re8 --- 

('"> an agent for inriL- taphos P nat «; and 

!ref rom; P " mer t0 f °rm an extension product 
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(f) treating the reaction mixture under denaturing conditions to 
separate primer extension products from their templates; 

(g) treating the reaction mixture under hybridizing conditions to 
anneal the primers to the ligated probe or to extension product of the first 
primer and extending the primers to form extension products therefrom. 

2. The method of claim 1 further comprising a step of detecting the 
formation of primer extension products that have been extended through the 
ligation junction. 

3. The method of claim 2 wherein said split probe reagent includes: 

(a) a further segment having a unique sequence that is 
recognized by a labeled probe or a capture probe that is unique for a specific 
target; or 

(b) a further segment having a defined length such that the 
total length of extension product formed therefrom is unique for a specific 
target sequence. 

4. The method of daiml wherein the split probe reagent comprises 
one continuous polynucleotide such that, when ligated, a continuous 
polynucleotide loop is formed. 

5. The method of claim 1 further comprising, prior to said separating 
step of step (c), an additional step of separating split-probe-reaeer.t: target 
complexes from unhybridized split probe reagents in the reaction mixture. 

6. The method of claim 5 wherein said split probe reagent comprises 
one continuous polynucleotide and wherein said additional separating step 
comprises selectively degrading unligated split probe reagent. 

7. The method of claim 1 wherein said first and second primers have 
identical sequences. 

8. The method of claim 1 wherein a plurality of split probe reagents 
are used in the same reaction mixture, each split probe reagent having 5' and 3' 
ends complementary to different target sequences and each having in common 
m lJ2i~ oc — fe^ id tost non-complementary region and.the PBS' site 
located in said second non-complementary region, whereby each such split 
probe reagent, once ligated, is amplified bv a common orimer 
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9 - A kit for amplifvincr a 
c™ or more containers: ? 8 " ""^ add co^.^ ^ 

at least one snii* u 
segment C the target LL7n d r ITl haVin8 ' S ' CTd "-Piemen^ to a 
Se8ment * «* '"get strand, the t *" to a second 

segment such tot 5" end can £ fn , ^ b ** "-"Menuy near L r . 
-gent * hybrid^ with X « 1** f Wh « *e s^b^ 
« o» two distinct pofynucie oti Z7Tj ^ * "* ^ 3' end 
Polynucleotide; me spli, probe T "* ° f ° ne «"*wo». 

complementary region located dol" ^ 3 "»«- 

complementary t0 , he t e ^°7 s ^ of the 5- end and no, 
Seated upstream of the 3 & ^ ~ P <emen,ary region 

M enaso ' the split probe 

complementary to a fCKS/*- • "quence 

~^si 

'-.edmsaidfetn^p:^ 
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